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Abstract
The organic production system is an important strategy,compatiblewith sustainable agriculture, avoiding the use of chemical compounds,
limiting the intensity of production and providing controls along the entire chain of production. The aim of this study is to compare
conventional and organic poultry production in terms of emergy analysis. The main differences in the two systems were the emergy cost for
poultry feed and for cleaning/sanitization of the buildings between successive productive cycles. In both production systems the poultry feed
represented more than 50% of the emergy ﬂow. Regarding the agronomic phase, it was shown that almost all the organic crops, avoiding
chemical fertilizers and pesticides, saved around 60% emergy. The emergetic costs for housing of the birds werevery similar in both systems.
Relating the emergy results with productive performance it is possible to show that, although the annual productive performance was much
lower in organic than in conventional (206%), transformity of organic poultry was around 10% lower. Comparison of the organic poultry
system with a conventional one from the viewpoint of sustainability showed that all the emergy-based indicators are in favour of the organic
farming system with a higher efﬁciency in transforming the available inputs in the ﬁnal product, a higher level of renewable inputs, a higher
level of local inputs and a lower density of energy and matter ﬂows.
# 2005 Elsevier B.V. All rights reserved.
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1. Introduction
The discrepancy between economic interests and safe-
guarding of the environment has created ecological
problems throughout the world. About 20 years ago the
United Nations proposed strategies for ‘‘sustainable devel-
opment’’ to improve human well-being in the short term
without threatening the environment in the long term
(Brundtland Report-WCED, 1987). Such strategies are not
simple to carried out and often economic interests interfere
with them. Even in agriculture, farmers assess their
productive practices mainly on economic efﬁciency, which
generally requires large amounts of inputs (both natural and
technical) with scarce attention to environmental pollution
(reduction of organic matter, concentration of toxic
compounds, etc.) and to future reproducibility. According
to the above-mentioned situation, the outlining of sustain-
able agriculture has become a major goal for research and
public institutions.
The organic production system (Council Regulation,
1999) matches this aim, avoiding the use of synthetic
chemical compounds, limiting the intensity of production
and providing controls along the entire chain of production.
Thus, the organic system improves local sustainability,
whereas the effect on global sustainability is not easily
assessable. Sustainabilityrequiresmeasurements thatpermit
the suitability of the system to be assessed in short and long
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compared.
Several methods that take into account a certain number
of factors and indicators (soil erosion, CO2 emission, water
pollution, etc.) are available for evaluating the environ-
mental impact of agriculture (Hansen, 1996). Emergy
evaluation (Odum,1996)isatoolparticularlysuitable tothis
task because it deals at best with systems at the interface
between the ‘‘natural’’ and the ‘‘human’’ spheres (Bastia-
noni and Marchettini, 1996) and because it is able to account
for all the inputs on a common basis, avoiding difﬁculties
and subjectivity that could take place with other methods
(Life Cycle Assessment, Bakshi, 2002).
Traditional energy analysis provides the short-term
feasibility of a process but it should be emphasized that all
forms of energy do not have the same ‘‘quality’’. To measure
suchdifferenceamethodbasedonsolaremergy(fromnowon
simply emergy), deﬁned as the solar (equivalent) energy
required to generate that ﬂow or storage, has been proposed.
The units are solar emjoules (sej). The solar transformity is
the emergy per unit ﬂow or unit product and it has been
proposed as a measure of the position of a given item in the
thermodynamic hierarchy of the planet (Odum, 1988).
Human labour, information and technological devices
have relatively small energy ﬂows but high emergy ﬂows are
required for their formation and maintenance. These are
energy ﬂows of higher ‘‘quality’’ in the sensethattheyhavea
greater ability to feed back and amplify other ﬂows. As a
result,theexpressionoftheenergyvaluefordifferentkindsof
energy in joules is not accurate. Emergy analysis is also used
to establish a long-term sustainability and to measure
environmental stress. It considers a system with large
boundaries, including all the inputs that contributed to the
formationofaproduct,includingtheenvironmentalonesthat
are taken as ‘‘free’’ in energy analysis (labour, etc.).
Furthermore, the inputs are not considered only on the basis
oftheirenergycontent,butareweightedbythetransformities.
In this way the emergy accounts for nature’s ‘‘labour’’
necessary to obtain a given product. If an input has a high
emergycontentitmeansthatitislikelytobeakeyfactorinthe
productionprocess;itneedsahighefforttobere-established,
and for this reason it may rise as a limiting factor, since it
needs a large amount of space and/or time and/or energy.
While for other sectors/aspects, environmental sustain-
ability using emergy evaluation is widely diffused (Lager-
berg and Brown, 1999; Panzieri et al., 2000; Rydberg and
Janse ´n, 2002; Zuo et al., 2004), information on the impact of
different animal production systems are scarce. Hence, the
aim of this paper is to compare conventional and organic
poultry production system in terms of emergy analysis.
2. Material and methods
The main differences in these production systems regards
thequantityandqualityofinputs;further,theorganicsystem
had a direct re-use of manure (after 4 months of maturation)
as fertilizer with no need for dehydration or sanitization.
2.1. Crop production
All the agronomical traits for both the conventional and
organic systems were collected from the farm of the
University of Perugia and are consistent with the farming
systems adopted in Italy. Brieﬂy, for each ingredient of the
poultrydiet,theamountproducedandthemajorinputs(fuel,
trucks, transport, irrigation, seeds, fertilizer, manpower,
pesticides) were assessed.
2.2. Poultry production
The production traits and the performance were taken
from the mean values of two poultry farms: conventional
(Grighi, Todi, Italy) and organic (Perugia University, Italy)
and are reported in Table 1. The genetic strains used for the
conventional and organic system were Ross 205 and Kabir
(Kabir chicks ltd., 1995), respectively. In conventional
production, 1-day-old chicks were maintained in the same
building for the entire length of the cycle; organic chicks
were housed in a similar indoor pen (0.12 m
2/bird), but with
access to a grass paddock (4 m
2/bird) to assure for pasture
allowance. At the end of each production cycle, after
cleaning and sanitization, the buildings had an all in all out
period of 2 weeks.
As recommended by organic regulations, the production
techniques are developed in order to maximise animal
welfare and the qualitative characteristics of the products
(Castellini et al., 2003), e.g. to provide grass throughout the
entire rearing period the birds were offered 10 m
2/bird
instead of 4 m
2/bird (required by Reg. 1804/99).
Energy and material requirements for poultry were
assessed at the end of the growing period without
considering transport to the slaughtering house, slaughter-
ing, processing of carcasses and distribution.
The conventional diet was formulated with common
ingredients (Table 2) according to the standard recommen-
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Table 1
Main characteristics of the two farming systems
Conventional Organic
Buildings and space allowance
Birds per unit (n) 15600 1000
Surface area covered (m
2) 988 96
Density (birds/m
2 covered surface) 15.1 10.4
Pasture (m
2/birds) – 9.9
Productive performance
a
Final weight (g) 2730 2210
Age at slaughtering (days) 49 81
Daily weight gain (g/day) 54.5 26.3
Units produced/year (n) 5.8 4.2
Feed index 1.9 3.4
Mortality rate (%) 4.5 9.9
a Mean performance considering a female/male ratio = 1.dations (Ross Breeders-Broiler management manual, 1999),
whereas the organic ingredients were produced by the
Universityfarm and certiﬁed asorganicbya nationalagency
(ICEA). The main differences in organic feed formulation
regarded the presence of fava-bean (13%), the absence of
GMO ingredients, of synthetic amino acids and coccidio-
statics.
2.3. Emergy evaluation
The rules that describe emergy ‘‘algebra’’ are:
 all emergy sources of a process are assigned to the
processes’ output;
 by-products from a process have the total emergy
assigned to each pathway;
 when a pathway splits, the emergy is assigned to each
‘leg’ofthesplitbased onitspercentageofthetotalenergy
ﬂow on the pathway;
 emergy cannot be counted twice within a system: (a)
emergy in feedbacks cannot be double counted; (b) by-
products, when reunited, cannot be added to equal a sum
greater than the source emergy from which they were
derived.
Foranin-depthdiscussionofthis issueandthe differences
between energy and emergy analyses, see Brown and
Herendeen (1997). For our purpose it is important to note
that in our calculations among solar energy, rain and wind
only the highest of the three contributions to the total emergy
ﬂowwillbeconsidered,sincetheyareco-productsofthesame
phenomenon,i.e.,thesunlightreachingthebiosphere(Odum,
1996). Emergy analysis separates renewable from non-
renewable inputs and local from external inputs. These
distinctions make it possible to deﬁne several emergy-based
indicators that can provide decision support tools, especially
when there are several alternatives (Bastianoni and March-
ettini, 1996; Brown and McClanahan, 1996; Odum, 1996;
Ulgiati et al., 1995). These indicators (transformity, environ-
mental loading ratio (ELR) and emergy yield ratio (EYR))
cover all the aspects of the environmental sustainability
issues, even though not focused on a particular waste/
pollutant. When comparing two or more processes with the
same output, a lower transformity is a measure of higher
efﬁciency,i.e.,moreproductobtainedwithagivenquantityof
emergy, or less emergy needed to produce a given amount of
product. In particular, the values of the transformities are
mostly taken from Odum (1996), with the important
exception of the feed for the chicks; in this case, due to
their relevance to the overall emergy, we performed an
evaluationforeachofthecrops,obtainingtransformityvalues
that are tailored to this system.
EYR is the ratio of total emergy (Y) to the emergy
purchased on the market (F), including fuel, goods and
services. It is ‘‘a measure of the system’s net contribution to
the economy beyond its own operation’’ (Odum, 1996).
Considering that the total emergy is the sum of all the local
and externalemergyinputs, the higher the ratio, the higher is
the relative contribution of the local (renewable and non-
renewable) sources of emergy to the system. This index
therefore shows how efﬁcaciously the system uses the
available local resources.
ELR is the ratio of all non-renewable emergy (both from
inside and outside the system; N + F) to the renewable
emergy (R). This index is high for systems with a high
technological level and/or with high environmental stress,
which is not necessarily local, but is mostly located at the
energy or materials source (Odum, 1996).
The renewable values were taken from the literature or
directly calculated by the authors and are reported in
Tables 3 and 4.
Emergy ﬂow (or empower) density is the ratio of the total
emergy per unit time and unit area and represents the spatial
concentration of emergy (i.e. energy and material of
different kinds), very often correlated with a high level of
local environmental stress.
3. Results
3.1. Poultry production performance
The productive performances of the two farming systems
showed large differences for the ﬁnal weight, age at
slaughtering, feed index and mortality rate (Table 1).
In conventional system, the use of fast-growing
genotypes reared in well-controlled environments with the
aid of veterinary treatments (coccidiostatics and antibiotics)
permitted to obtain heavier animals in only 49 days. On the
contrary, the organic chicks have to remain in the farm for at
least 81 days without the use of any prophylactic or
therapeutic drugs.
This is the main reason for explaining the higher feed
index and mortality rate of the organic birds.
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Table 2
Mean value of starter and ﬁnisher diets (%) for the two farming systems
Conventional Organic
Maize (Zea mais) 50.0 48.0
Whole extruded soybean (Glycine max) – 16.0
Barley (Hordeum vulgare) – 14.0
Solvent-extracted soybean meal 33.0 –
Fava bean (Vicia faba var.) – 13.0
Wheat-bran (Triticum vulgare) 9.5 –
Alfalfa meal (Medicago sativa) 2.7 5.0
Vitamin–mineral premix
a 1.0 1.0
Vegetal oil 2.0 –
Dicalcium phosphate 1.0 1.0
Sodium bicarbonate 0.5 0.5
Salt 0.2 0.2
DL-methionine 0.01 –
L-lisine HCl 0.01 –
Coccidiostatic 0.03 –
a Vitaminsintheorganicdietwereprovidedbycodliveroilandmaltyeast.3.2. Emergy evaluation
Results of emergy evaluations of conventional and
organic poultry production are presented in Tables 3 and
4, respectively. These tables are composed of:
- column 1: list of the inputs;
- column 2: the unit for each input/cycle (grams or Joules);
- column 3: the solar transformity of each input (sej/g or
sej/J);
- column 4: the contribution of each input to the total
emergy (10
14 sej/cycle);
- column 5: the type of input (renewable, local non-
renewable, imported).
The main differences in the two systems were the emergy
cost for poultry feed, for veterinary drugs and for cleaning/
sanitization of the buildings between successive productive
cycles. According to the organic regulations, the molecules
available for sanitization are only few and have low
environmental impact (see annex 2 of Reg. 1804/99).
On the contrary, the emergy for the bird housing was very
similar in both systems. Although production the environ-
ment was poor in organic and the absolute value was very
low,the higher animal density and number of cycles per year
in the conventional system reduced the energetic cost per kg
meat produced.
Such differences in emergy values depend on variations
in raw data (column 2) and on their transformity: the ﬁrst are
mainly affected by intensity of production (number of
chickens, length of the cycle) whereas the latter are affected
by system of production (use of certain production factors
and emergy needs for such factors).
In both of the production systems the poultry feed
represented more than 50% of the emergy ﬂow. However,
the different raw ingredients used and the emergy necessary
for producing such ingredients affected the emergy values of
the two diets differently. In conventional diets the synthetic
aminoacidsandvitamins, the solvent-extractedsoybeanand
the coccidiostatic – which cannot be used in organic
production – were the most important outﬂows of the total
emergy expenditure.
Concurrently, the system of crop cultivation affected the
transformities: for example maize was not irrigated in the
organic farm, while it was irrigated in the conventional one.
Since, the diet was the most important factor in thewhole
emergy evaluation, a detailed table of the agricultural inputs
of non-irrigated maize are shown (Table 5). The trans-
formed/emergy per unit mass resulting from this evaluation
(8.88  10
8 sej/g) was then used in Table 4 (item 6), also
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Table 3
Emergy evaluation of conventional chicken production
Input Unit quantity/
cycle
Solar transformity
(sej/U)
Emergy ﬂow
(10
14 sej)/cycle
Type of input
1 Solar energy J 5.98  10
12 1 0.06 R
2 Rain g 1.05  10
9 8.99  10
4 0.94 R
3 Wind J 1.36  10
10 1.50  10
3 0.20 R
4 Geothermic heat J 4.85  10
9 2.55  10
4 1.24 R
5 Soil erosion J 3.48  10
8 7.38  10
4 0.26 N
6 Maize irrigated g 1.72  10
7 1.40  10
9 241.11 22% R 78% F
7 Wheat bran g 2.65  10
6 3.02  10
9 80.05 42% R 58% F
8 Alfa–alfa hay g 5.53  10
5 3.03  10
8 1.68 64% R 36% F
9 Soybean oil solvent-extracted J 1.25  10
10 1.66  10
5 20.71 10% R 90% F
10 Soybean meal g 1.13  10
7 1.82  10
9 204.95 10% R 90% F
11 Salt g 6.62  10
4 1.00  10
9 0.66 F
12 Bicalcium phosphate g 3.31  10
5 3.90  10
9 12.92 F
13 Calcium bicarbonate g 3.31  10
5 1.00  10
9 3.31 F
14 Additives g 2.65  10
5 1.48  10
10 39.21 F
15 DL-methionine g 3.31  10
3 1.48  10
10 0.49 F
16 Coccidiostatic g 1.09  10
4 1.48  10
10 1.62 F
17 Plastics g 1.16  10
3 5.87  10
9 0.07 F
18 Buildings g 6.00  10
2 7.48  10
8 0.00 F
19 Human labour J 6.78  10
8 7.38  10
6 50.01 5% R 95% F
20 Fuel J 4.60  10
8 6.60  10
4 0.30 F
21 Feeders and drinkers g 8.75  10
3 2.64  10
9 0.23 F
22 Drugs (antibiotics) g 5.50  10
3 1.48  10
10 0.81 F
23 Sanitization g 3.84  10
5 1.48  10
10 56.86 F
24 Wheat straw for litter J 4.94  10
10 4.30  10
3 2.13 42% R 58% F
25 Potable water g 9.60  10
6 4.74  10
7 4.55 N
(R) Renewable inputs (sum of items 2,4, 6, 7, 8, 9, 10, 19, 24) 115.88
(N) Local non-renewable inputs (sum of 5 and 25) 4.81
(F) Imported non-renewable inputs (the remainder) 603.43
(Y) Total emergy ﬂow 724.12
R = renewable emergy; N = local non-renewable emergy; F = imported emergy.C. Castellini et al./Agriculture, Ecosystems and Environment 114 (2006) 343–350 347
Table 5
Emergy evaluation of organic maize production
Input Unit Quantity/
cycle
Solar transformity
(sej/U)
Emergy ﬂow
(10
14 sej)/cycle
Type of input
1 Solar energy J 9.72  10
12 1 0.39 R
2 Rain g 1.71  10
9 8.99  10
4 7.34 R
3 Wind J 2.21  10
10 1.50  10
3 1.32 R
4 Geothermic heat J 5.52  10
9 2.55  10
4 5.63 R
5 Soil erosion J 5.65  10
8 7.38  10
4 0.01 N
6 Poultry manure
a g 2.20  10
6 2.96  10
9 0.00
7 Seeds g 4.00  10
4 8.87  10
8 0.35 R
8 Fuel J 7.17  10
9 6.56  10
4 4.71 F
9 Human labour J 6.28  10
6 7.38  10
6 0.46 F
10 Machinery g 1.02  10
3 6.70  10
9 0.07 F
11 Cow manure g 1.50  10
7 1.13  10
8 16.95 30% R 70% F
(R) Renewable inputs (sum of items 2, 4, 7) 20.47
(N) Local non-renewable inputs (5) 0.01
(F) Imported non-renewable inputs (sum of items 8, 9, 10) 15.04
(Y) Total emergy ﬂow g 4.00  10
6 8.88  10
8 35.52
J 5.94  10
9 5.98  10
5
R = renewable emergy; N = local non-renewable emergy; F = imported emergy.
a Poultrymanurehas emergy equal to zero becauseit is recycled withinthe system(4thrule ofthe emergyalgebra); cowmanurecomesfrom anothersystem
and therefore considered.
Table 4
Emergy evaluation of organic chicken production
Input Unit Quantity/
cycle
Solar transformity
(sej/U)
Emergy ﬂow
(10
14 sej)/cycle
Type of input
1 Solar energy J 9.72  10
12 1 0.10 R
2 Rain g 1.71  10
9 8.99  10
4 1.53 R
3 Wind J 2.21  10
10 1.50  10
3 0.33 R
4 Geothermic heat J 5.52  10
9 2.55  10
4 1.41 R
5 Soil erosion J 5.65  10
8 7.38  10
4 0.42 N
6 Maize not-irrigated
a g 3.13  10
6 8.88  10
8 27.78 58% R 42% F
7 Fava-bean g 1.41  10
6 4.38  10
8 6.17 80% R 20% F
8 Alfa–alfa hay g 2.35  10
5 3.97  10
8 0.93 82% R 18% F
9 Barley g 1.64  10
6 4.21  10
8 6.92 45% R 55% F
10 Soybean g 1.17  10
6 1.82  10
9 21.35 10% R 90% F
11 Salt g 3.91  10
4 1.00  10
9 0.39 F
12 Dicalcium phosphate g 7.82  10
4 3.90  10
9 3.05 F
13 Calcium carbonate g 3.91  10
4 1.00  10
9 0.39 F
14 Mineral–vitamin premix g 7.82  10
4 1.48  10
10 11.57 F
15 Wood g 7.50  10
3 4.04  10
8 0.03 R
16 Fence g 1.95  10
4 2.64  10
9 0.51 F
17 Plastic g 1.16  10
3 3.80  10
8 0.00 F
18 Buildings and shelter g 6.00  10
2 2.64  10
9 0.02 F
19 Human Labour J 1.20  10
8 7.38  10
6 8.88 5% R 95% F
20 Fuel J 4.60  10
8 6.60  10
4 0.30 F
21 Feeders and drinkers g 8.75  10
2 2.64  10
9 0.02 F
22 Veterinary treatments g 1.10  10
3 1.48  10
10 0.16 F
23 Disinfectants g 2.00  10
4 1.00  10
9 0.20 F
24 Wheat straw for litter j 6.87  10
9 4.30  10
3 0.30 42% R 58% F
25 Agricultural Water g 9.48  10
6 1.26  10
6 0.12 N
(R) Renewable inputs (sum of items 2, 4, 6, 7, 8, 9, 10, 19, 24) 26.58
(N) Local non-renewable inputs (sum of 5 and 25) 0.54
(F) Imported non-renewable inputs (the remainder) 65.04
(Y) Total emergy ﬂow 92.16
R = renewable emergy; N = local non-renewable emergy; F = imported emergy.
a Emergy evaluation of organic maize is reported in Table 5.considering the characteristics of renewability/non-renew-
ability emerging from the relations between R, N and F with
the total emergy ﬂow. The same procedure was followed for
all the agricultural ingredients of the chicken diet.
In this respect, it has been shown that almost all the
organic crops, which do not use chemical fertilizers and
pesticides, saved around 60% emergy. See for example the
ratio of the transformities of maize: organic/conven-
tional = 58%; Alfalfa hay: organic/conventional = 65%.
It is important to note that soil was assumed to be a local
non-renewable resource. This is due to the fact that soil
could be considered as a storage that is used up during the
agricultural production and then replenished only if proper
farming procedures are performed. However, considering
that generally the speed of consumption is higher than the
natural reformation, this input has been considered non-
renewable. Otherwise the input is very small and the error in
the global evaluation is negligible.
3.3. Emergy-based indicators
The impressive difference in the amount of emergy
should not be considered by itself; however, the emergy ﬂow
of a conventional cycle was around eight times greater than
the organic one, while the farmland used is much less in the
former than in the latter. This is reﬂected in a very relevant
difference in the empower density (Table 6). Considering
that in 1 year there are 4.2 cycles of organic chicks and 5.8
cycles of the conventional ones, the amount of emergy
concentrated in a unit area is 198 times larger in the
conventional case.
Relatingtheemergyresultswithproductiveperformance,
it is possible to show that, although the annual productive
performance was much lower in organic than in conven-
tional (206%), transformity of organic poultry was around
10% lower. The difference in efﬁciency is not relevant, even
if the error was minimised using local transformities for the
main inputs. It should be emphasized that emergy efﬁciency
can be compared only for homogeneous products, however,
the qualitative characteristics of the two chicken meats are
different; in fact the sensory and nutritional characteristics
of the organic meat are better (Castellini et al., 2002a,b).
Table 6 also shows that the other indexes are consistent in
indicating the organic system as the one with better
environmental performance: EYR is higher, indicating a
relatively less relevant use of external inputs, that is a higher
level of dependence on local ones; ELR, on the other hand,
shows that the non-renewable part of the emergy is 5.25 and
2.04 times higher than the renewable part for conventional
and organic production, respectively, meaning that the
imbalanceinfavourofthenon-renewableislessthanhalffor
the organic with respect to the conventional type.
4. Discussion
It should be pointed out that while the emergy values of
the conventional poultry production must be considered
characteristic of the farming system most commonly used in
Italy, those of the organic system are more related to the
case-study shown here. Until now, the organic poultry
system has not had a standardized production protocol and
often protocols tailored for intensive systems (diets,
environments and genetic strains) are adapted without any
modiﬁcations. In this context one of the most critical factors
isthegenetic strain ofthe chicks. Reg.1804/99 recommends
using slow-growing animals, but economic reasons give
incentive to using fast-growing birds, even if they are not
adapted to the organic system. Such animals have been
intensively selected for growth rate and feed conversion
(Thiele, 2001) and behave very differently from some of the
lessintensivelyselectedstrains(NetworkForAnimalHealth
And Welfare In Organic Agriculture, 2002). Selection has
reduced all the activities involving high energetic costs,
making it possible for the birds to reallocate the energy
saved to production traits. Modern meat-type birds, when
kept to older ages, gain excessive weight and have leg
weakness, make little use of pasture and tend to stay indoors
or near the house rather than forage in the pasture (Weeks
et al., 1994). Indirectly, the density of animals in the same
area creates problems of excessive nitrogen and phosphorus
concentration (Kratz et al., 2004b).
On the contrary, slow-growing genotypes have greater
locomotive activity and pasture aptitude and greater resis-
tance to the poorer conditions of the organic farming system
than the modern faster growing hybrids (Vaarst et al., 2004).
Onlyspeciﬁcfarmingmodelsareabletomaximizeallthe
potential beneﬁts of organic farming. This farming model
should search for a suitable interaction between all the
factors, considering not only the productivity and economic
indexes. In this way — with production protocols similar to
those analysed here, is possible to achieve other advantages,
not considered in this research, which regard the welfare
conditionofthe animals (Castellinietal.,2003; Weeksetal.,
1994) and the meat characteristics (Castellini et al.,
2002a,b).
Comparison with other research is difﬁcult because
differentaspectsoftheenvironmentalimpactwereanalysed;
however, our results are consistent with the main ﬁndings.
Some authors, comparing the environmental impact by LCA
of intensive, extensive and organic dairy farms, showed that
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Table 6
Emergy-based indicators of conventional and organic chicken production
Emergy-based indicator Conventional Organic
Solar transformity (sej/J) 6.11  10
5 5.79  10
5
Solar transformity (sej/g) 4.35  10
9 4.12  10
9
Emergy yield ratio (EYR) 1.19 1.51
Environmental loading ratio (ELR) 5.21 2.04
Empower density
a (sej/year)/m
2 7.80  10
14 3.69  10
12
a Empower density was calculated on a yearly basis, since cycles are of
different length.organic farms had clear advantages in term of energy
consumption, animal husbandry, and biodiversity and land-
scapeimage.Theseindiceslargelydependonthemodulation
of the systems. In particular, intensive farms consume a
signiﬁcantly higher amount of fossil energy due to the use of
industrial grass drying plants and mineral N-fertilizer.
ComparedwiththeintensiveconventionalfarmsinGermany,
organic farms need around 65% less energy (Haas et al.,
2001).
Kratz et al. (2004a), evaluating the nitrogen, phosphorus,
zinc and copper balance (intake-retained) of different
poultry production systems (intensive indoor, free range
and organic), showed that the nutrient efﬁciency of indoor
production was higher than in free range and organic. The
main reasons for these differences were related to the longer
growing period, the broiler strain and the feeding strategy.
Nevertheless,thewholefarmindicators(livestockdensity,N
and Pexcretions per hectare) demonstrate that organic farms
had the lowest livestock densities and the lowest N and P
excretions per hectare.
Kumm (2002) suggested that the sustainability of organic
production could also depend on the species considered:
positive for beef and lamb and not for pork. Organic pork
productionshowedthattheproductioncostsandthedischarge
of nitrogen and greenhouse gases per kg of meat are higher
than in conventional pork production due to the greater feed
efﬁciency of conventional pork production. Organic produc-
tion also needs more land, which limits its sustainability if
land for food production and energy crops is scarce.
It should be considered that organic production at least in
Italy must be performed in marginal areas, often neglected
by farmers (Zanoli, 1999).
Naturally, even for organic poultry meat, the cost of
production is much higher than in conventional rearing.
However, at a timewhen the limiting factor for development
is more, the availability of resources and the environmental
problems connected to a constant tendency towards
economic growth, it may be important to give less relevance
to this factor.
A more holistic evaluation of agricultural systems should
determine a policy of incentives towards those productive
systems, which are able to improve environmental sustain-
ability,the quality offood forhumans andanimal welfare.In
addition, further indicators of sustainability such as human
and ecological toxicity in term of residues (heavy metals,
antibiotics) should be considered. Campagnolo et al. (2002)
have shown that a wide spectra of antimicrobial residues are
present inwasteand water resources proximalto poultry and
swine farms. Even for this aspect, the organic farming
system has an important card to play.
5. Conclusion
The comparison of an experimental organic poultry farm
with a conventional one from the viewpoint of sustainability
showed that all the emergy-based indicators are in favour of
the organic farming system. In particular there is:
higher efﬁciency in transforming the available inputs in
ﬁnal product;
higher level of renewable inputs;
higher level of local inputs;
lower density of energy and matter ﬂows.
Clearly, to maximise environmental sustainability, food
safety and biodiversity, speciﬁc farming protocols should be
developed. Furthermore organic farming requires additional
research.
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